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12.0 STRUCTURAL ASPECTS

21 INTRODUCTION

The materia is intended to aid DOE personnel and its contractors who are responsible for
packages that transport radioactive material s and special weapons components. This chapter addresses
the structural concerns that are encountered when designing a package. Approaches and solutions
presented provide consistent and well-understood techniques for designing the structural components
of apackage. Other techniques can be used, but thischapter coversthe strategiesthat are generally used.
It is believed that use of the techniques described herein produces a package which conforms to the

appropriate federal regulations.

The structural designer is expected to be part of a design team and to interface with specialists
in the area of thermal aspects, shielding, criticality, materials, containment, quality assurance, etc.
Therefore, the structural designer should be knowledgeable about other chaptersin this design safety

guide.

Also, thisguideisto be revised periodically to include information gained from experience as
well as new regulatory guidance, etc. Operating contractors, national laboratories, and DOE personnel
are invited to submit recommendations for improvement in scope and content. WWhen other methods or
means are proposed to meet the intent of the federal regulations of DOE policy, those proposals should

be forwarded along with justifications to the DOE certifying official for consideration.
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211 Scope

Thischapter coversthe structural aspects of designsfor drum-type containers or packages used
to transport radioactive materials and special weapons components. The containers considered are
assumed to be thin-walled, relatively lightweight, and do not contain liquid payloads. Emphasisis on

the structural design and the information essential to the certification process.

Not all conceivable drum-type packages and combinations of package contents are covered by
thisguide; however, the guide doesgivefundamental designinformation applicableto most designs. The
designer is free to determine and prove how a particular design satisfies federal regulations. Most

importantly, the guidance in this chapter is not a substitute for good engineering judgment.

2.1.2 Approach

Itisassumed that the reader (or structural designer) isexperienced in the principlesof structures

and solid mechanics; therefore, this type of information is not included.

The approach taken in presenting structural design guidelines in this chapter is to: first,
emphasize the structural requirements as dictated by federal regulations (Sect. 2.2); second, state the
current structural design criteria (Sect. 2.3); third, present design guidelines for various components of
the container (Sect. 2.4); and fourth, indicate methodologies for structural validation of the design
(Sect. 2.5). A list of references (Sect. 2.6) and a bibliography (Sect. 2.7) are provided to aid the
structural designer. Appendices A through F contain an example of a typical analysis required for

structural analysis, and Appendix G isatutorial on bolt closure.
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It is emphasized throughout this chapter that DOE is responsible for the overall safety of a
package designed by an applicant who is seeking a license from DOE and, therefore, al the necessary
design information for verifying the adequacy of the design must be conveyed in the Safety Analysis
Report for Packaging (SARP). Guidance for preparation of a SARP is presented in a separate design

safety guide.

2.1.3 Design Process

The design of a package for shipping radioactive materials and special weapons components
requires many disciplines as shown on the Flow Chartsin Chap. 1.0. While some aspects of the design,
such as shielding and criticality, define the characteristics of the package, others, such as containment
and thermal aspects, describe how the package functionsinvariousenvironments. Thestructural aspects
of the package, however, both define the configuration of the package as well as describing its
performance in these environments. Most of the performance requirements in 10 CFR 71 require the
application of different types of structural loading to the package. The structural aspects of the design

interact with all the other aspects to specify the shape, size, and performance of the package.

Thefirst step in the design processis recognition of the need. DOE needs packages for the safe
transport of radioactive material and weapon components. All package designs must minimizetherisks
of transporting radioactive materials to the public, workers, and the environment by maintaining any

exposure as low as reasonably achievable (ALARA).

The next step in the design process involves determination of requirements. For alicense, the

package must demonstrate compliance with the requirements of the federal regulationsin 10 CFR 71

for Type B packages. These performance-based standards are described in Sect. 2.2.
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The next step in the design process is establishing design criteria to be used along with the
structural requirements. To decideif adesign has an appropriate response to agiven loading, structural
design criteria are necessary. Section 2.3 discusses how structural design criteria are used to evaluate

the safety of a given design.

The synthesis and optimization of a complete package design are the next steps in the design
process. The typical drum-type container has many components that require individual design
considerations which involve aspects such as thermal effects, shielding, containment, and materials.
Figure 2.1 shows atypical drum-type package which is often used for transporting weapons materials
for DOE. Thefunction and loading conditionsfor each component of the package are different; therefore,
a synthesis and optimization of the complete package must occur. Section 2.4 will focus on design
guidelinesfor the major components of the package. The design guidance provided for each component
is not intended to cover all possible design conditions and package configurations. Responsibility for

aparticular design ultimately lies with the design team.

After a design has been synthesized and optimized, the next step in the design process is

validation of the design. Section 2.5 addresses the applicable structural validation methods.

Thefinal step in the design process is the presentation of the design. Presentation ismadein a
SARP which documents the package’s safety and adherence to federal regulations. The appropriate
design considerations and design criteriaare discussed in the SARP. Using the SARP, DOE reviewsthe
package and decideswhether or not a package license will beissued. Issuance of thelicenseisbased on
apackage’ smeeting the need of safely transporting radi oactive material and weaponscomponents. Table
2.1 listsradioactive material packages that have received DOE certificates of compliance. Included in

this table are references to the SARPs which describe the package.
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Fig. 2.1. Typical drum-type package.
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Table 2.1. DOE certificates of compliance for radioactive materials packaging

CoC | User Material Container Outer diameter SARP

5320 | SR Oxides; plutonium, Cask 10.75 in. and 12.75 DPSPU 79-124-1, Rev. 1
americium in.

5607 | CH Irradiated fuel Cask 36 in. T-2

5740 | OR Isotopes TRU Cf cask 66.125 in. ORNL-5409/R4

5797 | OR Fissile uranium HFIR cask 25 in. & 31.5in. ORNL/TM-11656, Rev. 6

6387 | RL Fissile, large quantity, | HEDL model-60 6.625in. C.V. TC-138, Rev. 1 and Add.
fuel elements, special 1
form

6553 | OR Fissile uranium UF; cylinder and 48-in. cylinder KY-655, Rev. 7

overpack

9099 | ID Fissile, large quantity, | Overpack - EGG-ATRO-7737, Rev. 1
fuel elements

9132 | RL Irradiated fuel Cask 52 in. T-3, Rev. 6

9200 | ID Irradiated fuel Cask 120 in. NUPAC 125-B

9511 | AL Cesium chloride and Cask 54.25 in. BUSS SARP, Rev. 3
strontium fluoride

9516 | CH Heat source plutonium | Cask 9.5 in. MLM-MU-91-64-001,

Rev. 5

9853 | OR Unirradiated fuel Fuel containers 24.5 in. ORNL/TM-11994
elements

9859 | OR Tritium trap 6M drum 15 in. ORNL/TM-8633

9932 | SAN Gases Steel vessel 25 in. UCRL 52424

9965 | SR Fissile, oxides Drum - 30 gal 25 in. DPSPU-83-124-1

9966 | SR Fissile, oxides Drum - 30 gal 25 in. DPSPU-83-124-1

9967 | SR Fissile, oxides Drum - 55 gal 29.75 in. DPSPU-83-124-1

9968 | SR Fissile, oxides Drum - 35 gal 18.375 in. DPSPU-83-124-1
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2.2 STRUCTURAL REQUIREMENTSFOR THE TRANSPORT OF RADIOACTIVE

MATERIAL

TheNuclear Regul atory Commission (NRC) regulationsthat govern the design of packaging for
transportation of radioactive materials are found primarily in 10 CFR 71.1¥ The current regul ation was
adopted on January 1, 1988; but there is a proposed rule for 10 CFR Part 71 which was issued by the
NRC on June 8, 1988.1?  The purpose of this proposed rule s to revise the NRC regulations for the
safetransportation of radioactive material to make them compatiblewith those of the International Atomic
Energy Agency (IAEA) and thus with those of most major nuclear nations of the world. Changesin the
proposed rule deal with the definitions of the package types and the contents being shipped in the
packages. In addition to the package and contents specifications, there are changesin the proposed rule
that will affect the structural aspects of a DOE package design. One major change isthat, as part of the
Hypothetical Accident Conditions specified in 10 CFR 71.73, the proposed rule has added a crush test
following the free drop and before the puncture test. Another major change is a revision of the
definitions used to define the hypothetical accident fire test to adefinition directly tied to an actual fuel

fire. The changesin the proposed rules are incorporated in this safety guide.

The performance-based requirementsfor package design and acceptance are based onradiol ogical
effectiveness rather than structural criteria. The only specifically structural criteriain 10 CFR 71 are
concerned with tie-down and lifting devices, but there are general standardsin 10 CFR 71 that influence

the structural design. Theradiological effectiveness criteria consist of three basic safety requirements:

1 Containment: Any radioactive material release must be restricted within the limits specified in

10 CFR 71. These limits are discussed in Subsect. 2.2.1.3.
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2. Subcriticality: Criticality event must not occur. Thistopic is discussed in Subsect. 2.2.1.4.

3. Shielding: External radiation levels must be kept within the limits specified in 10 CFR 71.

These limits are listed in Subsect. 2.2.1.5.

Typical DOE container designs are closely integrated: a single component may perform more
than one function, and functions are often shared by more than one component. This complexity drives
the design processto aseriesof decisionsand compromises based on morethan one performancecriterion.
Usually, the compromisesinvolve materials selection or design featuresintended to simplify operation
and maintenance of the container. For example, the optimum material for shielding is not the optimum
material for impact absorption or thermal protection. In DOE containers, these functions are usually
shared by the same components. Thus a compromise material or materials must be selected that will
perform adequately to meet all three criteria. The selection of materialsisfundamental to the container

design and affects the entire design, whereas operational requirements are secondary.

In 10 CFR 71, the shipping packagesfor radioactive materials are classified as Type A or Type
B packages, depending on the maximum activity of the radioactive contents. Most DOE weapons

packages are Type B.

Withtheexception of several TypeA FissileClassll and 111 packagesdescribedin 10 CFR 71.18
through 71.22, all packages must demonstratethat theradiological criteriaare satisfied intestsspecified
in 10 CFR 71.71 (Normal Conditions of Transport) and in 10 CFR 71.73 (Hypothetical Accident

Conditions).
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Except for the structural requirementsfor lifting and tie-down devices, theregulationsin 10
CFR 71 do not specify any structural requirements or standards that the shipping packages must meet.
Currently, no national codes are dedicated to the design and construction of Type B packaging. While
not always directly applicable to the design of DOE containers, NRC has devel oped regulatory guides
containing design recommendations for spent fuel casks. Because many casks following these
recommendations have been approved by the NRC, the regulatory guides provide good guidance for

DOE packaging design.”®

NRC has adopted the philosophy of applying strict requirements and high margins of safety to
packages with high levels of radioactivity. For example, Type B, Fissile Class |11 packages must meet
stricter requirements and require higher margins of safety than Type A, Fissile Class | packages.
Regulatory Guide 7.11 definesthree categories of Type B packages according to theradioactivity levels
of the contents.¥ For a specific radioactive isotope, Category | includes the highest levels and requires
the highest margin of safety, whereas Categories|l and 111 include the medium and low activity levels
and thereforerequirelower margins of safety. Figure 2.2 showsthe three categories and their associated

package types and radioactivity levels of contents.

Two other regulatory guides specifically address structural aspects of the package design.
Regulatory Guide 7.6 describes the design criteria for the structural analysis of shipping cask
containment vessel sand explainsuse of the" design-by-analysis' approach for Class| componentsfrom
Section 111 of the American Society of Mechanical Engineers (ASME) Code® as a design criteria for
the containment vessels.  Regulatory Guide 7. 8" elaborates on the normal and accident test
conditions specified in 10 CFR 71 and recommends thel oading combinationsfor the structural analysis

of shipping casks.
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Fig. 2.2. Packaging types and activities of contents.
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Plutonium air shipments are not currently being used by DOE. If such shipmentsare alowed in
the future, the requirements of 10 CFR 71.64 concerning containment, external radiation, and
criticality must be met. Plutonium air transport accident conditions are included in 10 CFR 71.74.

Because these activities are no longer occurring, they are not addressed in this guide.

This guide will not specifically address special form material. Thistopicis addressed in

10 CFR 71.75 and 10 CFR 71.77.

221 Basic Safety Requirements

To protect public safety, public health, and the environment from the inherent risk of transporting
radioactive materials, the shipping packages are required to meet, under both normal transportation and

Hypothetical Accident Conditions, three basic safety requirements presented in 10 CFR 71

° Adequate containment of radioactive materials
° Assurance of nuclear subcriticality

° Adequate shielding of the radiation emitted by the radioactive contents

Package component design and safety classification are guided by the safety requirements. The
shipping package components can be divided into three safety groups according to these safety
requirements. Thefirst designated safety group, containment components, includesall componentsused
to retain the radioactive contents in the packaging during transport. Containment components include
the containment vessel, closure, seals, piping, and bolts. The second group, subcriticality components,
includes al components used to control nuclear criticality during the transport of fissile materialsin the

packaging. The subcriticality componentsinclude neutron-absorbing material s such as boron carbide and
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the associated structures that retain the relative positions of the fissile and neutron absorber materials
during transport. The third group, shielding and other safety components, includes all of the remaining
safety-related components. In this group are gamma and neutron shielding; secondary containment

seals, bolts, and closure; impact limiters; and lifting lugs and tie-down devices.

Components in each group must be evaluated for all applicable loading conditions. The
structural, thermal, and radiol ogical response of each component can affect the other componentsin the
package. Chemical compatibility and corrosion properties of the materials must be considered. For
detail s about the thermal, containment, subcriticality, and shielding aspects of the package design, refer
to the chapters on those subjects. The foll owing sections describe the functions of the safety component
groups, the requirements specified in 10 CFR 71, and the structural aspects associated with meeting the

safety requirements.

2211 General standardsfor all packages

The genera standards for all packages, listed in 10 CFR 71.43, contain requirements that

influence the structural design of the package. The most structurally significant requirements concern

containment and are discussed further in Subsect. 2.2.1.3.

Other general standards from 10 CFR 71.43 are also significant from a structural viewpoint in

that they influence the closure design of the package aswell as of the containment, the package thermal

performance under normal operations, and the materials of the package and packaging.
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2.2.1.2 Lifting and tie-down standards

The lifting and tie-down standards for all packages are listed in 10 CFR 71.45. The standards
specify requirementsfor aminimum safety factor, failure of any lifting device under excessiveload, and

any other structural components of the package related to lifting the package.

Thelifting and tie-down standardsin 10 CFR 71.45 apply to devicesthat are structurally a part
of the package. Most DOE Type B containersare not required to meet these requirements because they

are not tie down or lifted by devices that are structurally part of the package.

The requirements of 49 CFR Part 393 Subparts 100 through 102 may be used for design of tie-
down systemsthat are not a structural part of the package. The combination of tie-down devices shall
be devel oped to keep the package secured and to prevent shifting under aloading equal to astatic force
applied to the center of gravity of the package with a vertical component equal to the weight of the
package plus its contents, a horizontal component along the direction in which the vehicle travels of
twicetheweight of the package plusits contents, and ahorizontal component in thetransversedirection
of twice the weight of the package plus its contents. Any hardware adapted for use with the package

shall be utilized without generating stressin any material of the package in excess of itsyield strength.

The requirements of RTD Standard F 8-11T® may also be used for the design of tie-down

systems that are not a structural part of the package. Both 49 CFR Part 393 and the RTD Standard

requirements are significantly less than the requirementsin 10 CFR 71.45.
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2213 Containment

The containment requirementsarelisted in 10 CFR 71.51 and 71.71 for the Normal Conditions
of Transport and in 10 CFR 71.51 and 71.73 for the Hypothetical Accident Conditions. Additional

specia requirements for plutonium shipment are described in 10 CFR 71.63.

Containment of radioactive material prevents contact between radioactive material and people
or the environment. Typically, containment is provided by the integrity of an austenitic stainless steel
containment vessel. A containment vessel usually hasabolted closure to accommodate the loading and
unloading of contents. The closure contains a seal or seals which minimize leakage from the
containment vessel to the environment. Penetrations of the containment which may be needed for
operating purposes, such as back-filling with a tracer gas for leak testing or helium for heat transfer

enhancement, are considered part of the containment system.

The function of all of the containment vessel and closure components is to maintain the
containment boundary so that all the containment requirements are met under the normal transportation
and accident conditions. The closuresof penetrations, such asvalvesor sealed tubes, area so considered
part of the containment system. The major loads are heat, internal pressure, and impact. Even though
the regulations do not impose specific requirements on any structural components in terms of stress
allowables or deformation limits, the containment boundary will be compromised if the structural
components are overstressed or grossly distorted. Therefore, the structural components should be
designed according to awell-established design standard such asthe ASME Code as recommended in
Regulatory Guide 7.6. Other codes and standards can be used as design criteria if they are as
conservative as the ASME Code. All the loadings from the normal and accident conditions should be

considered and combined as recommended in Regulatory Guide 7.8.
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The general standards for all packages listed in 10 CFR 71.43 also contain requirements that
influence the structural design of the package containment system. Several general requirements are
concerned with pressure-relief valves and venting of the containment system. Usually, DOE packages
do not require pressure-relief devices, however, the containment must be designed to handle any
pressure excursions resulting from not having arelief system during either normal transport or accident
conditions. Containment must be maintained if thereisapressure or temperatureincrease dueto chemical
reactionsresulting fromwater inleakage, irradiation, or thermal effectson the package or content during
either normal transport or accident conditions. Since the containment cannot be continuously vented,
it must be designed to retain an internal pressure, even when intermittent pressure relief is provided.
When valves or other relief systems are provided, they must be structurally protected against accident

conditions or inadvertent operation in normal use.

The specia requirementsin 10 CFR 71.63 for plutonium shipment include a requirement that,
under certain conditions, the material must be packed in a separate inner container placed within the
outer packaging. This arrangement is usually referred to as double containment. The normal
transportation and Hypothetical Accident Conditions are specified, and filters and mechanical cooling

systems are not permitted in either condition.

Note that 10 CFR 71.63 exempts reactor fuel elements, metal or metal aloy, and other
plutonium-bearing solids. In DOE containers the need for double containment has been determined on
a case-by-case basis. Since the plutonium in DOE containersis usualy in metallic form and often is
contained entirely in a sealed subassembly, the plutonium isroutinely shipped without a separate inner
container. In designing a plutonium container, the decision to use doubl e containment is one of thefirst

decisions that must be made.
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2.2.1.4 Subcriticality

Most DOE containersinthe Weapons Safety Program are used for transporting fissile materials.
The accident with the worst possible consequence for a fissile material is one which results in a
criticality. Protection for criticality can be achieved by physical limitation on the amount of fissile
materialsin the package, adjusting and maintaining the geometry of the fissile contents being shipped,

or providing neutron poisons to absorb sufficient neutrons to assure subcriticality.

Subcriticality design and performancerequirementsaredescribedin 10 CFR parts 71.55 through

71.61. Criteriathat influence the structural design of the package, include the following:

° First, the container with its contents must be designed so that it will remain subcritical if water

leaks into the containment system or liquid contents leak out of the containment system.

° Second, an exception may be approved if appropriate measures are taken before each shipment
to ensure that the containment system does not leak. In practice, this means that there must be
double containment; breach of a single containment vessel, if undetected before shipping, can
lead to acriticality accident. If double containment is used, there must be undetected breaches

in both levels of the containment before a similar accident can occur.

° Third, under Normal Conditions of Transport the package must be designed and constructed so

that it will remain subcritical and its geometric form will not be substantially altered.

° Fourth, under Hypothetical Accident Conditionsthe package must be designed and constructed

and its contents limited so that the package will remain subcritical.
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Exemptions to the requirements of 10 CFR 71.55 through 71.61 included in 10 CFR 71.53 are
based on the actual composition, both the physical form and materials, of the shipment. Before
beginning the design process, these exemptions should be investigated thoroughly. In most cases,

however, they do not apply to DOE shipments.

Subcriticality safety components also include the structures that maintain safe geometry inside
the container and the neutron absorber materials such as boron carbide. The primary structural concern
isstructural deformation that altersthe configuration required for subcriticality. Animportant aspect of
this concern isthe interaction of the package internals and content with the containment system. If the
containment system is breached from the inside by impact of the package internals during an accident,
a criticality may occur due to subsequent flooding, even if the impact limiters eliminate damage by
external forces. Inaddition, thermal effectson subcriticality structural component geometry and material
properties and distribution as aresult of the hypothetical accident are amajor concern. If the critically

safe geometry islost or if neutron absorbing materials are degraded or displaced a criticality can result.

2.2.1.5 Shielding

A radiation shieldisabarrier that absorbsionizing energy or subatomic particlesemanating from
aradioactive source. Shielding against both gamma and neutron radiation may be needed in a package
design. Shielding against the highly penetrating gamma radiation is achieved by using heavy, high-
atomic-number materials such as lead, steel, or even neutron-free depleted uranium. These materials
typically surround the containment vessel and are in turn enclosed within an outer steel shell. The
function of the neutron shield is to attenuate the neutron dose from fissile materials. Neutron shield
materials, usually hydrogenous materials such as water and polyethylene, typicaly surround the

packaging on its exterior surfaces.
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Shielding performance requirements are listed in 10 CFR 71.47 and 71.51. The regulations
require that the package surface dose rate shall not exceed the specified value under Normal Conditions
of Transport, as defined in 10 CFR 71.71; the transport index, which is defined in 10 CFR 71.4, shall
not exceed 10. Under Hypothetical Accident Conditions, the package surface dose rate shall not exceed

the specified value at the package surface.

The shielding saf ety componentsinclude the gammaand neutron shields. Frequently, gammaand
neutron shields are used as both thermal insulation and impact absorbers. Therefore, the mechanical or
thermal energy-absorption characteristics of these materials are important design parameters. The main
structural concerns are the permanent deformation of the shields and the distortion of other structural
components causing areduction of thickness of the shield material or gapsto form in the shield material,
which allowsradiation streaming to occur. Inaddition, thermal effectson shielding during the hypothetical
accident are of major concern. Often, theimpact absorbers contain hydrogenous material which ishelpful
for shielding. The concern is that hydrogen is often lost by combustion during the hypothetical accident
fire. Lead shielding is subject to slump or cold flow even under normal conditions, and this problem is
aggravated at the higher temperatures encountered during the hypothetical fire. If slumping or other

changes in the lead configuration occur, shielding integrity may be lost.

2.2.2 Performance Standards

Package approval standards in 10 CFR 71.41 state that to show compliance to the safety
requirements of containment, subcriticality, and shielding, the effects on apackage of thetests specified
in10 CFR 71.71(Normal Conditionsof Transport) and thetestsspecifiedin 10 CFR 71.73 (Hypothetical
Accident Conditions) must be evaluated by testing a sample package or scale model. Though the

regul ationsspecify the normal and accident conditionsastest conditionsand procedures, it isacceptable,
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for analytical evaluations, to trandate the test conditions into loading conditions. In fact, some
conditions are better suited to show compliance by testing, whereas others are more cost effective by

analysis. See Sect. 2.5 for additional discussion of testing and analytical methods.

2.2.2.1 Normal Conditions of Transport

10 CFR 71.71 statesthat package designsfor Normal Conditions of Transport may use separate
test specimens for a free drop test, a compression test, and a penetration test; and each of these test
specimens must be subjected to a water spray test before any other test. The code aso specifies the
initial conditions and the test conditions for heat, cold, pressure, and vibration. The test condition
specification for each of the above tests (water spray, free drop, corner drop, compression, and
penetration) are alsoincluded in the code. The corner drop test specification (10 CFR 71.71(c)(8)) isnot

anticipated to be applicable for DOE shipments.

2.2.2.2 Hypothetical Accident Conditions

10 CFR 71.73 states that tests for free drop, puncture, and thermal exposure must be conducted
in the order specified for evaluation of Hypothetical Accident Conditions. In addition, an undamaged
specimen must be used for awater immersion test, and a crush test must be included after the free drop

test, as indicated by the proposed rule change.!? Thistest is specified as follows:

"... (2) Crush. Subjection of the specimen to a dynamic crush test by positioning the
specimen on aflat, essentially unyielding, horizontal surface so asto suffer maximum
damage by the drop of a500 kg (1,100 Ib) mass from 9 m (29.5 ft) onto the specimen.

The mass must consist of asolid mild steel plate 1 m (3.28 ft) by 1 m and must fall in
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ahorizontal attitude. The crush test is required only when the specimen has a mass not
greater than 500 kg (1,100 Ib), an overall density not greater than 1,000 kg/m?
(62.4 Ib/ft®) based on external dimensions, and radioactive contents greater than 1,000

A, not as special form radioactive materia."

2.3 STRUCTURAL DESIGN CRITERIA

Theregulationsin 10 CFR 71 do not specify any structural requirementsfor shipping packagesother
than those for lifting and tie-down devices. The NRC has devel oped regulatory guidesfor the design of
spent fuel casks. These guides provide good design guidance for weapons components and special
assembly package design. The following subsections contain discussions of the design guidance
provided in the regulatory guides, the current design criteria for weapons packages that have been
developed from national codes and standards referenced by these regulatory guides, and proposed

changes to the current design criteriafor weapons packages.

231 Structural Criteria from Regulatory Guides

Shipping casks of radioactive materials are designed and used by the nuclear power industry. One
major use is transporting spent fuel assemblies from the nuclear power plants of U.S. utilities. In the
absence of a general set of design criteria for shipping casks of radioactive materials, the NRC has
devel oped numerousregul atory guidesto providedesign recommendationsfor spent fuel casks. Because
the utility companies are familiar with the design criteria for nuclear components in Section 111 of the
ASME Code® and because the safety concerns in dealing with radioactive materials are similar in
shipping packagesasthosein Section 11, theregul atory guideshave adopted portionsof the ASME Code

to form a set of structural design criteriafor shipping casks. Using the same philosophy of component

Safety Design Guides.ch2/gs/11-7-94 220



safety classifications as those in the ASME Code, the NRC applies stricter requirements and higher
margins of safety to packages with higher levels of radioactivity. Regulatory Guides 7.6, 7.8, and 7.11

specifically address structural aspects of the package design.

Regulatory Guide 7.6

Regulatory Guide 7.6" describes the design criteria for the structural analysis of shipping cask
containment vessel sand explainsthe"design by analysis' approach for Class| componentsfrom Section
[11, Subsection NB of the ASME Code. Design criteriafor Level A servicelimitsand Level D service
limits from the ASME Code are adopted in Regulatory Guide 7.6 for normal and accident conditions,
respectively. Regulatory Guide 7.6 adopts the ASME Code concepts concerning stress categories and
assigning different stress intensity limits according to the significance of stress categories. The guide
uses linear elastic analysis for design and allows the principle of superposition to be used for load
combinations. In recommending linear elastic analysis, Regulatory Guide 7.6 does not preclude an
appropriate nonlinear treatment of other cask components, such as lead shielding and impact limiters.
Figure 2.3 outlines a procedure for identifying and combining linear elastic loads, classifying stresses,

and comparing the stress results with the acceptance criteria specified in Regulatory Guide 7.6.

Regulatory Guide 7.8

Regulatory Guide 7.8 identifies the normal transport and hypothetical accident test conditions

specifiedin 10 CFR 71 and recommendstheloading combinationsfor the structural analysisof shipping

casks. Table 1 of Regulatory Guide 7.8, Summary of Load Combinationsfor Normal and Hypothetical

Accident Conditions of Transport, is duplicated in Table 2.2.
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Impact Loads

Y

Operational Load Fabrication
Loads »| Combinations |4 Loads
Examples: Examples:
Pressure Boit Loads Load Pouring
Thermal Gradients Shrink Fits
Stress
Categories
y
Primary Primary S d Peak
Membrane Bending econcary
Pm Pb Q F
A A
—— Pm<Sm —— P+ Pp <158 —— Pmp+Pp+ Q<3S ‘
Normal Normal Normal —— Pm+Pp+Q+
F<2S5,
Normal
L Pm <245y L P+ Pp<3655<Sy
<0.75, Accident Pm + Pp + Q + F<2S; @ 10 Cycles
Accident Initial —— Accident

FA 942003

Figure 2.3 Linear elastic load combinations and stressintensity limits.
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Table 2.2. Summary of load combinations for normal
and hypothetical accident conditions of transport

Applicable initial condition

Normal or Accident

Condition Ambient )
Temperature Insolation

Decay heat

Internal
pressure

100°F -20°F Max 0

Max 0

Max Min

Fabrication
Stresses

NORMAL CONDITIONS (analyze separately)

Hot environment- X
100°F ambient
temperature

Cold environment- X
-40°F ambient
temperature

Increased external X X
pressure - 20 psia

Minimum external X X
pressure - 3.5 psia

Vibration and shock: | X X

Normally incident to
the mode of transport X X

Free drop: X X

1-ft dro
P X X

R R

ACCIDENT CONDITIONS (apply sequentially)

Free drop: X X

30-ft drop

Puncture: X X

drop onto bar

Thermal: X X
fire accident

R LR LR
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Regulatory Guide 7.11

Regulatory Guide 7.11 defines three categories of Type B packages according to their levels of
content. The description of these categories and component safety groupsis presented in Sect. 2.2, and
the three categories and their associated package types and levels of contents are shown in Fig. 2.2. A
set of standardsfor thedesign, manufacture, use, and maintenancefor thethree component safety groups
in each category isdiscussed in Regulatory Guide 7.11. For aspecific radioisotope, Category | includes
the highest levels of activity to be transported and requires the highest margins of safety, while
Categories|l and 111 include the medium and low activity levelsand therefore require lower margins of

safety.

232 Structural Design Criteria for Weapons Components

The ASME Code, Section 111" providesrulesfor nuclear power plant componentsin areasof design,
fabrication, operation, maintenance, and quality assurance. Section 11 isintwo divisions. Therulesin
Division 1 are for metallic containment structures and those in Division 2 are for the concrete reactor
vessel and containment. Division 1 is appropriate for DOE packages since most of them are metallic.
Section 111 identifies nuclear components as Class 1, Class 2, and Class 3 components according to
decreasing order of importance to safety. Stricter material specifications and more detailed fatigue
analysesarerequiredfor Class 1 components. Consequently, Section |11 providesseparatedesign criteria

for the different classes of components.

Using the terminology found in regulatory guides, Category | transport packages are equivalent to

ASME Class 1 components, and Category Il packages are equivalent to ASME Class 3 components.

Similarly, Service Level A and Service Level D are equivalent to the Normal Conditions of Transport
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Table 2.3.

Structural design criteria (based on ASME Code)

Container contents

Component safety grou
P Yy g‘ P Category 1 Category II Category III
Containment Section III Section III Section VIII
Subsection NB Subsection ND Division 1
Subcriticality Section III, Subsection NG

Shielding and other

Section VIII, Division 1 or Section III, Subsection NF
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and Hypothetical Accident Conditions for packages, respectively. Table 2.3 presents the applicable
ASME structural code design criteria, by category, for containment, subcriticality and shielding.
Category |11 uses ASME Code, Section V111 for containment and all other categories use ASME Code,
Section I11. To aid in understanding the design philosophy of ASME Code, Section I11, the basisfor the

design-by-analysis approach is presented below.

ASME Code, Section 111

Sectionlll permitsuseof different design approaches, "designby formula," and "design by analysis.”
The design-by-formula approach isthe " cookbook™ method. General formulas are provided for vessel,
pump, valve and piping designs. The designs are made according to step-by-step rules, and the
allowablesfor the design-by-formulaapproach are necessarily conservative. By contrast, the design-by-
analysis approach requires detailed analyses; therefore, the allowabl es can be set higher. Some designs
that are not qualified using the design-by-formula approach may qualify with the design-by-analysis
approach. Once the design approach is decided, all the applicable rules should be followed and the

design must be consistent within the approach.

With advancesin analytical and experimental techniques, the design-by-analysis approach is more
attractive than the design-by-formula approach in yielding a well-balanced design for critical safety
components. Additionally, itispossibleto determinelocal stressesinastructurein detail. It istherefore
unreasonabl e to retain the same allowabl es throughout the structure because high local stresses do not
constitute aglobal structural failure. The rationale of assigning different allowables for different types
of stressis, " A calculated value of stressmeanslittle until it isassociated with itslocation and distribution
in the structure and with the type of loading which produced it. Different types of stress have different

degrees of significance and must, therefore, be assigned different alowable values. For example, the
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average hoop stress through the thickness of the wall of avessel dueto internal pressure must be held
at alower vauethan the stress at the root of anotchinthewall. " Likewise, thermal stress allowables
can be higher than those due to dead weight or pressure. Therefore, the design-by-analysis approach
requires dividing stressesinto categories and assigning different allowable valuesto different groups of

categories.

Sectionll dividesstressesintothreegroups: primary stress(P), secondary stress(Q), and peak stress
(F). “Primary stressisastress developed by the imposed |oading which is necessary to satisfy the laws
of equilibrium between external and internal forces and moments. The basic characteristic of aprimary
stressisthat isnot self-limiting. If aprimary stress exceedstheyield strength of the material through the
entire thickness, the prevention of failureisentirely dependent on the strain-hardening properties of the
material."[® The primary stress can be further divided into three types of stresses according to spatial
distributions: general primary membrane stress (P,,), local primary membrane stress (P,), and primary
bending stress (P,). Examples of primary stress are stresses due to impact loads, internal pressure, and

bolt loads. The stress state caused by these loads is divided into membrane and bending components.

"Secondary stress is a stress developed by the self-constraint of a structure. It must satisfy an
imposed strain pattern rather than being in equilibrium with an external load. The basic characteristic
of a secondary stress is that it is self-limiting. Local yielding and minor distortions can satisfy the
discontinuity conditions or thermal expansions which cause the stress to occur."® "Peak stress is the
highest stressin the region under consideration. The basic characteristic of apeak stressisthat it causes

no significant distortion and is objectionable mostly as a possible of fatigue failure."®
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The philosophy of the design-by-analysis approach is based on linear elastic analysis. Failure by
the maximum-shear-stress theory of failureis used asthe basis for stress allowables. Stress categories
arecalculated as"stressintensity” beforethey are compared with theallowableswhich arecalled " stress
intensity limits' in the code. Stressintensity is defined as twice the maximum shear stress at apoint. If
the principal stressesare S;, S, ,and S;while S;> S,> S, (algebraically), the maximum shear stressis
V2 x (S, - S;) and it must be less than or equal to the stress intensity limit for a given or combined
loading condition. Stressallowabl es, that isstressintensity limits, are not expressed intermsof theyield
strength of the material but rather asmultiplesof S, S, isthe stressintensity limit for general primary

membrane stress, and values of it for various metal alloysaretabulated in Section |1, Part D of the code.

Yield strength is not a sufficient criterion in determining the allowable stress because of awide
range of ductility and strain-hardening propertiesin materials. To prevent unsafe designsin materials
with low ductility and in materialswith high yield-to-tensile ratios, the ASME Code requiresthe stress
allowable to be equal to or less than the smaller of two-thirds of the yield strength or one-third of the
ultimatetensilestrength. Table2.4 summarizesthebasic stressintensity limitsand the multiplesof yield
strength and ultimate strength that these limits do not exceed for four stress categories: general primary
membrane, local primary membrane, primary membrane plus primary bending, and primary plus

secondary.

Thestresslimit for each stress category isrelated to the potential failure mode. The primary stress
limits aim to prevent plastic deformation and to give a nominal factor of safety on the ductile burst
pressure, while the primary plus secondary stress limits are intended to prevent excessive plastic
deformation and collapse. Finally, the peak stresslimit isintended to prevent fatigue failure as aresult
of cyclic loadings. The stresslimitsfor P,, are more conservative than those for for P, + P,. Since most

stress statesin apackage component are acombination of membrane and bending stresses, these stresses
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Table 2.4. Basic stress intensity limits

Allowable stress intensity

Based on Based on
Stress category Stress limit yield S tensile S
General primary membrane (P,) Sa 2/3 S, 173 S,
Local primary membrane (P, 158, S, 172 S,
Primary membrane plus primary 1.5S, S, 172°S,
bending (P, + P,)
Primary plus secondary (P, + P, + Q) [ 3.0 S, S, S,

Safety Design Guides.ch2/gs/11-7-94 229




must be separated into different parts. In general, the maximum membrane stress occurs at the neutral
axis where the bending stress is zero and the maximum membrane plus bending stress occurs at the
extremefibers. A conservative approach for evaluating stressesisto usethe P, limitsfor all stressstates
without separating them into membrane and bending components. In some cases this approach may not

be appropriate and the P, + P, + Q limits must be used.

In the code, all subsectionsin Section |11 and Section V111, Rules for Construction of Pressure
Vessels, Division 1, have provisions for the design by formula approach. The design-by-formula
approach requires less rigorous analysis than does the design-by-analysis approach. For less critical
safety components, the desi gn-by-formul aapproach may be preferred because of itssimplified procedures
for the design. One advantage in using design by formulaisthat direct stresses, not stress intensities,
are used to compare with the stress allowabl es. Stressintensity cal culations and determination of stress
categories are omitted completely in the design by formula approach. The stress allowables (S), which
are different from stress intensity allowables (S,,), for various metal alloys are also tabulated in Section

[1, Part D of the code.

ASME Code, Section VI

ASME Code, Section V111, Division 1 hassubsectionsdevoted to therequirementsfor thedesign

criteria based on the method used for fabricating the pressure vessel and on methods used for classes of

construction material for the pressure vessel. The example analyses presented in Appendices A through

F show the use of Section V111 of the ASME Code for the design of a Category |11 pressure vessel.
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2.3.3 Proposed Changesto the Design Criteria for Weapons Components

Many shipping casks have been designed according to the recommendations in the regulatory
guides and have been approved by the NRC. However, design criteriafrom other design codes may also
be used as long as they can be justified to be as conservative as the ASME Code. Not al the design
criteriain the ASME Code for nuclear components are directly applicabl e to shipping-package design.
For example, pressure loads are the primary design loads in nuclear components, but impact loads are
the primary design driversfor the shipping packages. High operating temperatures and cyclic loadings,
while major design concerns for nuclear components, are low design factors for transport packagings.
For these reasons, a specia working group, NUPACK, was formed to develop applicable rules for
shipping packages of radioactive materials®. Until applicable codes and standards are devel oped, the
regulatory guides and the applicable ASME Code structural design criteriaidentified in Table 2.3 (or

equivalent) can serve as a set of guidelines and design criteria for the DOE packaging design.

24 STRUCTURAL DESIGN GUIDELINES

The main package components of a drum-type container are package internals, containment
system, shielding, impact limiters/'thermal insulation, and tie-down and lifting devices. Theintegration
of these componentsinto afunctional design requiresasignificant effort. Containment performanceand
radiological protection are the main driversin the design of a DOE container. Very few components of

a DOE container serve only one function, and the design is inevitably a series of compromises.

This section emphasi zes, for each package component, the function, loading conditions, design

details, and validation methods normally utilized for the design. Theintent isto provide consistent and

well-understood techniques for designing the structural aspects of a package.
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Section 2.4.1 describes the functions of the major structural components and discusses their
integration inthe design process. Section 2.4.2 discussesthe primary function of each major component
as related to the regulatory requirements of 10 CFR 71. Sections 2.4.3, 2.4.4, and 2.4.5 discuss the

preliminary design, detailed design, and design validation.

Section 2.4.6 briefly addresses quality assurance issues in the design and validation process.
Section 2.4.7, Structural Design Examples, shows specific examples of existing drum-type containers,
their unique design features, and some lessons learned during development. These examples may be

valuable in developing new container designs.

This chapter addresses packaging structural design. Chapter 10, Materials and Fabrication

addresses the materials and fabrication techniques commonly used in DOE containers.

2.4.1 Principal Structural Components

The principal structural components of a drum-type container are the containment system, the

impact limiter/thermal insulation, shielding, packaging internals, and tie-down and lifting devices. The

components interact and most have more than one function. The functions of each component are

described in the following subsections.

2.4.1.1 Containment system

Containment system refers to all items whose primary function is to provide and maintain the

contamment boundary around the contents being transported and around other package internals.

Chapter 4, Containment, of this design safety guide contains additional information. The containment
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system maintains the necessary geometric configuration to assure that the contents remain subcritical,
protectsthe contents and package internals from damage, keepsthe temperature of the contents and the
package internals low enough to prevent damages due to heat or pressure, and assures proper shielding
geometry. The containment system also provides contamination protection for personnel working with
the packaging and for the packaging itself and other convenience packaging features used during

preparation and receiving.

24.1.2 Impact limitersthermal insulation

For drum-type containers, impact limiters or cushioning materialsare often utilized for thermal
insulation as well. If the limiter is also utilized for thermal insulation, close coordination between
structural designer and thethermal designer/analyst isnecessary to select final material sand thicknesses
needed to meet the combined requirements. Chapter 3, Thermal Aspects, of this design safety guide

contains information on thermal performance issues.

Impact limiters also may play akey rolein preventing criticality accidents, if the limiter sizeis
akey determinant in the array spacing of containers. If thisisthe case, the impact-limiter design must
ensure that deformation during normal or Hypothetical Accident Conditions is limited to an amount
whichensuressubcriticality at all times. Inaddition, hydrogenousor other materialsintheimpact limiter
may also be involved in preventing criticality accidents. (See discussion on hydrogenous materialsin
Subsect. 2.2.1.5.) If hydrogenousor other materialsintheimpact limiter arerequired, theimpact-limiter
design must ensure that a sufficient amount of the material remains during and after normal or

Hypothetical Accident Conditions.
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Similarly, impact limitersmay also functionin radiation shielding. If thisisthe case, theimpact
limiter design must ensure that deformation and material loss during normal or Hypothetical Accident

Conditions does not result in aloss of shielding.

Since most DOE containers are drum-type, this design safety guide concentrates on designsin
which theimpact-limiter material isconfined to theinside of the drum. Containerswith external impact

limiters attached to the extremities of the package are not discussed.

24.1.3 Shielding

Thepurposeof shieldingisto attenuate the gammaand neutron radiationsemitted by radioactive
decay of the contents. In DOE containers, the structural parts of the containment are aimost always
sufficient to provide shielding of short-ranged radiation, such as apha and beta, and they are usually
sufficient to reduce gamma and neutron radiation to acceptable levels. Occasionally, additional high-
density material, such aslead or depleted uranium, must be added to reduce gamma or neutron doses.
In these cases the design may be dictated by radiation attenuation requirements rather than structural
considerations. Nevertheless, the shielded containment system must preserve the shielding capability
under both normal and accident conditions. Chapter 5, Radiation Shielding, of this design safety guide

contains information on shielding performance issues for DOE containers.

2.4.1.4 Packageinternals

Packageinternalsrefersto itemsinside the containment boundary other than the actual contents

that are being transported. When double containment is used, for purposes of this design safety guide,

the packageinternalsis expanded to include all itemsinside the outer containment boundary other than
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the actual contents that are being transported. Included are the inner containment boundary and items
inside the inner containment boundary other than the actual contentsthat are being transported, as well

as any material between the inner and outer containment boundaries.

The package internal s have, as a minimum, the four following essential functions: 1) they must
mai ntai n the necessary geometric configuration for the contents of the containment vessel to assurethat
the contents remain subcritical under all loading conditions; 2) they must protect the containment
boundary from damage by the contentsand the packageinternal sthemsel vesunder all loading conditions;
3) maintain the temperature of the contents, the containment boundary, and the package internalsto a
low enough level to prevent damage by heat or pressure; and 4) assure proper shielding geometry.
Although shielding is generaly externa to the containment boundary in DOE packages, it is not

constrained from being part of the package internals.

Other supplementary functions of the packageinternal sinclude physical and thermal protection
of the contentsduring shipping, contamination protection for personnel working with the packaging and

for the packaging itself, and other convenience packaging features used during preparation and receiving.

24.15 Tie-down and lifting devices

Thetie-down system isthe arrangement of tie-down hardware that securesthe package onto the
vehicle. Therequirementsin 10 CFR 71.45 areinterpreted as applicable only for the tie-down devices
that are a structural part of the package. The requirementsin 49 CFR Part 393 and RTD Standard

F 8-11T may apply to tie-down systems that are not a structural part of the package.
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Lifting devices are those structural elementsthat are permanently attached to the container and
serve as the interface between the container and lifting mechanism, such as a crane or forklift, during
loading and unloading from the transportation vehicle. Most drum-type packages weigh |ess than 454
kg (1000 Ib) and usually do not have permanent lifting devices. Some guidance for the design of lifting

devices for drum-type packages is provided by Smallwood.[*”

2.4.2 Design Requirements

The following information is intended to guide the designer of a container to the appropriate
regulatory requirements. Section 2.2 discusses the safety requirements information contained in

10CFR 71.

There are some general standards in 10 CFR 71.43 that influence the structural design of all

package components. They are discussed more fully in Sect. 2.2.

24.21 Containment system

Containment requirements are discussed in Subsect. 2.2.1.3 and are cited in 10 CFR 71.51 and
71.71 for the Normal Conditions of Transport and in 10 CFR 71.51 and 71.73 for the Hypothetical
Accident Conditions.  Additional specia requirements for plutonium shipment are described in

10 CFR 71.63.

Subcriticality design and performance requirements, described in 10 CFR parts 71.55 through

71.61, are summarized in Sect. 2.2.1.4. Subcriticality is required in al conditions, including water

leakage into the containment system or leakage of a package’s liquid contents from the containment
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system. An exceptionis provided in 10 CFR 71.55(b) and 10 CFR 71.55(c), which states the condition
for approval of a package which does not meet this requirement. In practice, this condition means that
there must be double containment, since breach of a single containment vessel, if undetected before
shipping, can lead to a criticality accident. If double containment is used, there must be undetected

breaches in both levels of the containment before a similar accident can occur.

Thegenera requirements 10 CFR 71.43 include several that apply specifically to the containment
system. The containment system must be securely closed by a positive fastening device that cannot be
opened unintentionally or by pressure changes within the package. Failure of package valves or other
devicesthat allow radioactive contentsto escape must be protected agai nst unauthorized operation and,
except for a pressure relief device, must be provided with an enclosure to prevent any leakage. A

package must not incorporate a feature which allows continuous venting during transport.

Several specia requirementsin 10 CFR 71.63 for plutonium shipment are outlined in Subsect.
2.2.1.3. In some cases the plutonium must be packed in a separate inner container and, placed within
the containment system that meetsall of the requirementsof 10 CFR 71, Subparts E and F for packaging
of material in normal form. In DOE containers, the need for double containment has been determined
by working with DOE on a case-by-case basis. Since the plutonium in DOE containersis usualy in
metallic form and ofteniscontained entirely in aseal ed subassembly, the plutonium isroutinely shipped
without a separate inner container. In designing a plutonium container, the decision on use of double

containment is obviously one of the first decisions that must be made.
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24.2.2 Impact limiters/thermal insulation

Thedesign of theimpact limiter/thermal insulationislargely dictated by the requirements of 10

CFR 71.71 and 10 CFR 71.73 for resistance to damage during normal transport and Hypothetical

Accident Conditions. These requirements are discussed in Subsects. 2.2.2.1 and 2.2.2.2, respectively.

24.2.3 Shielding

Shielding performance requirements defined in 10 CFR 71.47 and 10 CFR 71.51 are discussed

in Subsect. 2.2.1.5. There are also requirements for shielding during and after Hypothetical Accident

Conditionsin 10 CFR 71.73.

24.2.4  Packaginginternals

Thedesignrequirementsfor packaginginternalsaresimilar tothosediscussedin Subsect. 2.4.2.1

for the containment system.

24.25 Tie-down and lifting devices

The requirements for lifting and tie-down devices are discussed in Subsect. 2.2.1.2.

24.3 Preliminary Design

Theinitial step in a package design is the determination of the following information:
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° Size, shape, weight, materials, and mass properties of the content of the package
° Criticality requirements of the content of the package

° Shielding requirements of the content of the package

° Requirement (if any) for double containment

° Heat generation of the content of the package

° Maximum allowabl e temperature for the content of the package

Based on the information gathered, decisions must be made on the configuration of package.

After the development of aset of alternative designs, the alternatives should be compared and the most

promising candidate sel ected. The selection of the best concept should be based on the following criteria:

° Performance against the regulatory requirements.

° The degree of technological risk involved in the design. How much new technology will be

developed and used in the design and is there any experience in the use of the new technology

in previous container designs?

° The usability of the design. Is it difficult or time consuming to assemble correctly, or

unnecessarily complex with many small partsto lose?

° The producibility of the design. This includes cost, schedule, and technological challenges

involved in the production of the container.

Safety Design Guides.ch2/gs/11-7-94 239



° Thebasisfor qualification of the design components. Identification of those componentswhich
can be qualified by analysis only, those which can be qualified only by testing, and those

requiring a combination of analysis and testing.

The following sectionsinclude guidance on factorsinvolved in the preliminary design process.

24.3.1 Containment system

An important step early in the development of the design containment system is the selection
of the materials. The materials used must perform adequately under both Normal and Hypothetical
Accident Conditions. From a thermal standpoint, this means that the materials must be mechanically
sound at normal transport temperatures from -40°C (-40°F) to hypothetical accident condition
temperatures of up to several hundred degrees. Because of hypothetical accident impact loads, which
canoccur at very low temperatures, brittlefracture of the containment material sincluding thevessel and

the boltsis amajor concern.

Hydrocarbon materials used in seals should also be carefully selected for performance at
temperature extremes. One consideration is thermal decomposition at high temperatures, both during
normal transport and Hypothetical Accident Conditions, andtheother considerationisseal performance
due to loss of resilience at low temperature. While not normally a problem encountered in DOE

packages, radiolysis of hydrocarbonsis a concern at higher radiation levels and may also affect seals.

Selection of seal materialsisavery complex problem. In additionto thethermal and mechanical

assaults on the seals, several other questions arise. Are the seals reusable? How often are the sealsto

be reused and what are the replacement criteria? Are there any special chemical compatibility
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requirements? If helium or halogen leak checking isto be used, how permeable are the sealsto helium

or halogen tracer gases? If the container is used to ship tritium, how permeable are the sealsto tritium?

The materials selected for the containment system must be compatible under all conditions of
transport. There must be no significant chemical, galvanic, or other reaction among the package
componentsand contents. Decomposition of materialsin the packageinternal s can cause pressurization
of the containment boundary if gases are generated. If the mechanical properties or a physical
configuration of the package internals change, they may fail to protect the integrity of the containment

boundary.

The containment boundary performsashiel ding function against radiation, but thisisnot normally
a primary function. The selection or thickness of material can, in rare instances, be influenced by
shielding requirements. The materials selected must be compatible with the design code chosen as the
basis for the structural design of the containment system. For example, only materias listed in the

ASME Code are acceptable if the AMSE Code isthe basis for the containment design.

In evaluating the mechanical requirements for the containment boundary, the primary loads to
be considered are inertial loads due to Normal and Hypothetical Accident Conditions, vibration, and
differential thermal expansion. The load paths to the containment boundary from externally applied
forces and from the package contents through and including the package internals must be evaluated

very carefully.

When the contents of the package generate a significant amount of heat, it may be necessary to

deviseaway to remove heat in order to prevent high-temperature damage to the containment, the package
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internals, or even to the contents. At the sametimeit isnecessary to prevent external heat sourcesfrom

transferring heat into the package during accidents.

2.4.3.2 Impact limiters/thermal insulation

To protect the containment and the internal payload from excessive stresses during both normal
transport and a hypothetical accident free fall of 9 m (30 ft) onto a horizontal, essentially unyielding
surface, impact limiters or cushioning materials are normally provided between the outside shell of the
container and the containment vessel. Additional cushioning material may also be used inside the
containment to reduce imposed impact induced stresses. This additional material is discussed in

Subsect. 2.4.3.4, Package Internals.

Impact protection should also be designed to maintain other package safety features. In an
accident, the impact limiter deforms and absorbs energy. It is particularly important to protect

containment vessal closures from deformation.

The energy-absorbing device may be temporarily attached to the package for shipment only, or
it may be an integral part of the package design. The device may be made of wood, foam, crushable
fibrous material, crushable metal configured in a honeycomb matrix, or metal fins which might be

designed to bend at a particular force.

Typically, theimpact limiters/thermal insulation of a DOE container consists of an outer metal
drum filled with an impact-absorbing material. The containment vessel is placed in a cavity in this
material. The metal drum is typically a standard heavy duty drum adapted for this use. In the past,

Department of Transportation 17H drumswere frequently used. These drums are now being phased out
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in favor of performance-based designs such as |Al drums described in 49 CFR Part 178.504. In the
past, a forged bolt type lock ring was used with removable head drums, but recent experience testing
indicates that a bolt-on lid should be used on drums wei ghing more than 227 kg (500 |b) and should be

considered at even lower weights. Keg-type drum designs are also used.

In DOE drum-type contai ners, theimpact-absorbing material alsofunctionsasthermal insulation
for the package during both normal transport and the hazardous accident firetest. Thus, superior high-
temperature performance isrequired and the structural analyst must work very closely with the thermal
analyst. Wood and Cel otex ™ have been widely used for thisapplication, and have worked satisfactorily.
They do have the drawback of being combustible materials which function by absorbing heat energy
during pyrolysis of the hydrocarbons in the absence of oxygen and by the boiling off of their
considerable moisture content. Obviously, they must be protected from exposure to air during thefire,
while at the same time gases that are generated must be vented off. This is often accomplished by
drilling vent holes in the outer drum. These holes, covered with plastic tape or plugs to prevent water
from entering during normal transport, melt in afire to provide venting. Celotex™ in particular must
be protected from water damage, because it is made of sugar cane fibers in a composite matrix with a
water soluble glue and can lose its mechanical properties rapidly when wet. This composite nature of
Celotex™ isadvantageousin other ways; however, the material hasvery good crushing propertiesunder
impact and is not as stiff or anisotropic as are other materials. Fiber insulating materials, foams, and

honeycomb are also used in impact limiters'thermal insulation.

The specific loading conditions for which the impact limiter must be designed are presented in
Sect. 2.2. Thelimiter must also be designed so that other tests specified in 10 CFR 71 do not impair the
ability of the limiter to function in possible futureimpact conditions. For example, the water spray test

must not cause degradation of the limiter material. For some materials (such as Celotex™) this means
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that the limiter must be enclosed in acovering material which will not be degraded by water. Theimpact
limiter must also be designed to tolerate free drops of up to 1 m (depending on container weight),
without consequential damage. Experience indicates that only minor provisions are required to meet

normal operating conditions.

In selecting limiter material, environmental conditions under both normal and accident
conditionsmust be considered. If thelimiter will be exposed to sunlight, heat, or water, then the possible
degradation due to these effects must be considered. Material selection must also consider size
restrictions (a small limiter must be stiffer than a large limiter in order to afford the same energy

absorption capacity), weight restrictions, cost, and safety.

Appropriate design data and design technique are closely related. The data required for design
are contingent on the sel ection of adesign technique. A conservative sizing cal culation does not require
as complete a set of material property data as does a dynamic, nonlinear, finite-element model.
Conversely, if dynamic material properties are not available, it is not practical to use a sophisticated

dynamic analysis.

Preliminary designinformation for anumber of common material sarediscussedinthefollowing

paragraphs.

Foam impact limiter materials

Foamshave characteristicsthat can makethem attractive choicesfor impact limiter applications.

Foams can be manufactured to be essentially isotropic and thus do not require concerns about questions

concerning the direction in which the impact load is applied. In an accident the orientation of the
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container is unknown. Consequently, the energy absorbing structure used must be able to withstand the
application of an impact load from any direction. The isotropy of foam materials generally meets that

requirement.

To perform optimally, an impact limiter must absorb a maximum amount of energy while
transferring aminimum peak forceto the shipping container. The energy absorbed duringimpact isequal
to thework done by theimpact force asit crushesthe foam material. Thework done by the impact force
isdetermined by computing the areaunder the plot of impact force versusdisplacement or by integrating
the specific energy absorption in thefoam over the volume of material whichisactive during theimpact
process. The optimum impact limiter maximizes the absorbed energy while minimizing the magnitude
of the impact force. This requirement suggests that the ideal form for the force versus deflection curve
is rectangular, thus indicating that the force maintains a constant minimum throughout the impact
process. Most foams, when loaded in compression, display astress-strain curvewith small initial elastic
region up to about 5% strain terminated by yielding. Yielding is followed by a region of relatively
constant stress with increasing strain. Thisregion extendsto strains of 50 to 70% depending on density
after whichthefoam "locksup," and thestressrisesrapidly withincreasing strain. A typical stress-strain
curvefor afoamisshownin Fig. 2.4. The compressive strength of foam usually hasits maximum at low

temperatures and decreases continuously for higher temperatures.

Properties of foams are determined by the various materials from which they are made.

Manufacturers’ datausually provide complete information for the analysis of rigid polyurethane foams,

including temperature effects and variability of material properties.

Design optimization using foam energy absorbers requires the following considerations. For a

given weight to be protected, a given drop height, and a given thickness of foam, some foams are too
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Fig. 2.4. Typical foam stress/strain curve.
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stiff and stop the weight before the ultimate strain of the foam is attained; other foams are so soft that
the weight does not stop until the foam reaches lock-up. Between these two extremes is the optimum
design in which maximum strain in the foam is achieved without penetrating the lock-up region. This
design maximizesthe use of the strain range for which the stressremainsrelatively constant, consistent
with minimum acceleration. From a design perspective, this requires specifying the contact area and
thickness of thefoam aswell aschoosing thefoam yield stressto achieve the optimum design. The steps

in the design procedure are:

1 Specification of the weight of the container to be protected by cushioning

2. Specification of the height of free drop to be experienced (30 ft for Hypothetical Accident

Conditions)

3. Choosing a reasonable thickness for the foam

4, Selecting a foam resulting in the acceptable peak accel eration during impact

Wood impact limiter materials

In spite of being orthotopic, wood ranks among the highest of all materials in specific energy

absorption, which makesit popular for protecting container internal components. Wood hasawider flat

portion of the stress/strain curve than most impact-absorbing materials. All material propertiesof wood,

however, vary depending on the angle from the direction of grain in the wood. The grainis not always

parallel to the same direction throughout an entire piece of wood but may vary about a mean direction.

Wood with avariation in grain angle, relative to the principal grain direction, greater than 7% should
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beavoided to prevent areductionin compression strength. Celotex™ isa"wood" product made of sugar
cane fibersin a composite matrix with awater-soluble glue. Thus Celotex™ has the advantage of very

good crushing properties under impact and is not as stiff or as anisotropic as other wood materials.

Mechanical properties are also affected by the moisture content and temperature of the wood.
Drier wood is usually stronger, and impact absorbers are made of dried wood enclosed in a protective
cover. Celotex™ in particular must be protected from water damage, because it is made of sugar cane
fibersin acomposite matrix with awater-soluble glue and can loseits mechanical propertiesrapidly when

wet.

Like most materials, the material properties of wood generally decrease as temperature is

increased and improve as temperature is reduced. Thisis also true for Celotex™.

Experimental stress/strain curves indicate that balsa and redwood, |oaded parallel to the grain,
have nearly ideal propertiesfor use asimpact absorbers; they have nearly flat responseupto high strains.
Balsais capable of strains over 80% before lock-up, and some redwoods have measured strains up to
73% before lock-up. A static load deflection curvefor balsaisshownin Fig. 2.5 and Table 2.5 givesthe

mechanical properties of balsafor arange of material density.
Material properties for balsa and redwood that are useful for uniform crush analysis of those

woods |loaded parallel to thewood grain are given in several reportg*12113.114.a415 The effectiveness

of wood impacted off of the grain axis has not been fully explored in the dynamic regime.
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Table 2.5. Averages of peak and mean crushing strengths for various densities of balsa wood

Average of Average of Peak strength, .

density range peakcrushing mean crushing Mean strength %

b/t -strength (psi) strength (psi) Number of tests
65-74 1689 1232 137.0 9
75-8.4 2080 1452 143.2 18
85-94 1460 * 965 * 153.3 3
95-10.4 2750 1624 169.3 8
10.5-11.4 3070 1780 172.5 17
11.5-12.4 3055 * 1715 ° 178.2 2

Low values believed due to insufficient testing.
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Generally, the techniques for designing foam impact limiters can be used for wood limiters as
long asthe wood isloaded parallel to the grain. Experimentsindicate that wood has low shear strength
relative to compressive strength; for end impact, thewood effectivenessisthat in thecylindrical volume
proj ected down from the contact surface between the limiter and the containment. For corner drops, the
effective cylinder of wood is projected from the containment-limiter interface parallel to the grain of the

wood.

Honeycomb impact limiter materials

Honeycomb impact absorbers are constructed by bonding corrugated strips of thin material
together to form a relatively low-density solid full of cylindrical voids. Honeycombs constructed of
paper, fiber-reinforced plastic, aluminum, or stainlesssteel all havenearly ideal |oad deformation curves
for impact limiters; that is, flat up to about 75% strain in compression. New material showsasharp rise
of load at impact above the plateau of load. However, this short duration peak load can be completely
eliminated by dlightly buckling the material, i.e., by specifying precrushing of the honeycomb during
the manufacturing process. The cylindrical holesinthematerial areall parallel in common honeycomb,
and, consequently, the material properties are orthotopic. Orthotopic impact absorbers are positioned
so that theforceis parallél to the holes. The variation of static crush strength of corrugated honeycomb

with density can generally be found in vendor datal®.

Manufacturers’ literature suggests that strain rate effects increase the crush strength of
honeycomb by up to 30% in a dynamic test over the static value. Also, the influence of temperatureis
included in manufacturers’ literature; the temperature dependence of the yield strength of the material

from which it is made can be used to characterize the honeycomb.
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Honeycomb materialsareideal candidates for the uniform crush analysis design procedure, but

thelack of material property datamakesfinite-element analysi sdifficult without an experimental program.

Steel impact limiter designs

Since steel is as stiff as most containment materials, an impact limiter of steel must be shaped
and positioned to allow the limiter to dissipate energy by distorting plastically. Steel limiters have been
designed in the shape of frames made of welded tubing, shells of revolution, and fins. Generally, steel
impact limitersare not used for drum-type containers. However, some inner containment designs must
absorb energy from Normal and/or Hypothetical Accident Conditions. Some manual calculations can
beusedto design/analyze steel impact limiters, butingeneral finite-element computer programsare used

to predict behavior.

Becauseof their relatively high ultimate strain, mild steel and stainlesssteel arecommon materials
for the construction of impact limiters. Individual sources of acomplete set of material data necessary
for nonlinear dynamic analysis may be difficult to find. However, Rack and Knorovsky!*” identify
sourcesfor temperatureand strain rate dependent datafor stainless steel's used for shipping containers'”

while Nicholas includes strain rate dependence of other steels.*®
Design of steel impact limiters or containers to resist the regulatory drop requirements are best

accomplished with use of nonlinear dynamic impact computer codes like HONDO!® and DY NA ./

Actual drop testing is usually necessary to verify the design.
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2.4.3.3 Shielding

This section discusses structural issues in the design of the shielding. Chapter 5, Radiation

Shielding, is the major source of information on shielding performance issues for DOE containers.

In DOE containers, thestructural partsof the containment almost alwaysare sufficient to provide
shielding of short-rangeradiation such asalphaand beta, and usually are sufficient to reduce gammaand
neutron radiation to acceptable levels. In cases in which this is not true, shielding against gamma
radiation is achieved by using materials such as lead, steel, or even neutron-free depleted uranium.
Sometimes materials such as polyethylene or boron carbide are added to provide neutron shielding. In
all cases, the design must assure that the mechanical configuration of any shielding materias is
maintained. In addition, when lead isused as a shield material, care must be taken that the |ead does not
slump or cold flow and lose its configuration. This can happen at relatively low temperatures. To
prevent decompositionitisimportant to protect any plastic or other hydrogenous neutron shielding from

high temperatures or from intense gamma radiation.

Loadsthat can result in rupture or severe distortion of the containment vessel also pose athreat
tothe shielding system. Hypothetical accident stressesand concentrated |oadsthat may cause punctures
can reduce the efficiency of the shielding even if the containment retainsits ability to prevent excessive
radioactiverelease. Vibration and differential thermal expansion may cause problemsif themechanisms

holding the shielding componentsin place are subject to fatigue.

The design must also be evaluated to assure that the materials selected for the shielding are

compatible under all conditions of transport. The materials selected must be such that there will be no

significant chemical, galvanic, or other reaction among the package components and contents. The
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primary concern isthermal degradation or decomposition, both during normal transport and Hypothetical
Accident Conditions, particularly when plastic or other low-temperature materials are used. While not
normally a problem encountered in DOE packages, radiolysis of hydrocarbons is a concern at higher
radiation levels. Decomposition can affect the shielding properties of the material and can also cause

pressurization of the containment boundary if gases are generated.

The most significant concern is a case in which decomposition of materials in the shielding
resultsin aloss of mechanical properties or a physical configuration change that may lead to afailure

to adequately shield personnel from the contents.

2.4.3.4 Packaging internals

Thefirst step in the design of packaging internals is to decide the level of protection required
to safeguard the containment vessel and the package content from mechanical or thermal damage during
all conditions of transport and to develop an initial conceptual design. These conceptual designs must
be evaluated to assure that the materials selected for the package internals are compatible under all
conditions of transport. The materials selected must be such that there will be no significant chemical,
galvanic, or other reaction among the package componentsand contents. The primary concernisthermal
decomposition, both during normal transport and Hypothetical Accident Conditions, particularly when
plastic foam or other low temperature materials are used. While not normally a problem encountered
in DOE packages, radiolysis of hydrocarbonsisaconcern at higher radiation levels. Decomposition can
affect the mechanical and thermal properties of the material and can also cause pressurization of the

containment boundary if gases are generated.
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The most significant concern is a case in which decomposition of materials in the package
internals resultsin aloss of mechanical properties or aphysical configuration change that may lead to
acriticality or to afailureto protect theintegrity of the containment boundary. Thisaffectsall structures
that maintain safe geometry inside the container as well as neutron absorber materials such as

polyethylene or boron carbide.

Preliminary design of shielding that is inside the containment boundary should be done using

these guidelines and those of Subsect. 2.4.3.3.

In evaluating the mechanical requirements for the package internals, the primary loads to be
considered are inertial loads due to Normal and Hypothetical Accident Conditions, vibration, and
differential thermal expansion. The load paths from the package contents through and including the

package internals to the containment boundary must be very carefully evaluated.

Since the package internals, by definition, are within the pressure boundary, pressures external
to the containment have little if any effect. However, if aclosed cell plastic foam or asimilar material
is used to support the package contents or to protect the containment boundary, its mechanical
performance might be adversely effected by high pressures generated by temperature increases or

material decomposition inside the containment boundary.

If the contents of the package generate a significant amount of heat, additional difficultiesarise.
It may be necessary to devise a way to carry heat away from the contents in order to prevent high-
temperature damage to the containment, the package internals, or even to the content itself. The design
problem arisesfromthenecessity to prevent external heat sourcesduring normal transport or Hypothetical

Accident Conditions from using the same means of heat transfer to carry heat in the opposite direction.
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2.4.3.5 Tie-down and lifting devices

Thetie-down system isthe arrangement of tie-down hardware, such as shackles and wire rope,
that secures the package onto the vehicle. Design concepts for tie-down and lifting devices concepts

shouldinclude operational necessities and conveniencesaswell as mechanical strength considerations.

In eval uating the mechanical requirementsfor thetie-down or lifting devices, the primary loads
are defined by the weight and configuration of the package and |oadings defined in 10 CFR 71.45. The
load paths to the package must be very carefully evaluated. Because of the requirement that failure of
thetie-downsor lifting devicesmust not adversely effect the performance of the package, these features

must essentially be designed to fail under the specified loads and in specified ways.

A tie-down manual for type B containers has been developed by Smallwood.™ This manual
tested a DOE type B container to the requirements of 10 CFR 71.45. Although the outer container

yielded at the maximum load, the inner container was not affected.

244 Detailed Design

After adesign concept has been selected, the detailed design process can begin. This process

includesfinal selection of materials, detailed cal cul ations, and preparation of final design specifications

and drawings in preparation for prototype testing and other certification activities. The following

sections include guidance on factors involved in the detailed design process.
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2.4.4.1 Containment system

This chapter discusses structural design of the containment system. Chapter 4, Containment, is
the major source of information on containment. The containment boundary in a DOE container is
usually anaustenitic stainlesssteel containment vessel with abolted closureto accommodatetheloading
and unloading of contents. The closure contains a seal or seals to minimize leakage from the
containment vessel to the environment. Penetrations of the containment may be needed for operating
purposes, for example, backfilling with a tracer gas for leak testing or helium for heat-transfer
enhancement. The closures of penetrations, such as valves or sealed tubes are also considered part of

the containment system.

The containment vessel isusually awelded cylindrical vessel with aflange at one end to allow
for loading and unloading the content. The flange designislargely dictated by the design of the closure,
which will be discussed below. It is important to note that in DOE containers, which are normally
relatively lightweight and which use soft impact limiters, top flanges may be somewhat exposed to
impact damage during hypothetical accidents, particularly those that impact at the top corner. Sincethe
impact limitersareal so often used asthermal insul ation, thereisal so apossibility that additional thermal
loads will be encountered after such an accident. To afford more protection the closure flange is often

moved to the center or at least some distance away from the corner.

Tosimplify construction of the containment vessel and eliminate potential structural andleakage

problems at welds, containment boundary designers should consider the use of single-piece forged or

drawn vessdls.
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Usually, DOE packageswill not require pressure-relief devices; however, the containment must
be designed to handle any pressure excursions resulting from not having a relief system during either
normal transport or accident conditions. Containment must be maintained if there is a pressure or
temperature increase due to chemical reactions resulting from water inleakage, irradiation, or thermal
effects on the package or content during either normal transport or accident conditions. Since the
contai nment cannot be continuously vented, it must bedesignedtoretain aninternal pressure, evenwhen

intermittent pressure relief is provided.

Themajor loads are heat, internal and external pressure, vibration, and impact. Even though the
regulations do not impose any specific requirements on any structural components in terms of stress
allowables or deformation limits, the containment boundary will be compromised if the structural
components are overstressed or grossly distorted. Therefore, the structural components should be
designed according to awell-established design standard such asthe ASME Code, asrecommended in
Regulatory Guide 7.6. Other codes and standards can be used as design criteria provided they are as
conservative as the ASME Code. All the loadings from the normal and accident conditions should be

considered and combined, as recommended in Regulatory Guide 7.8.

Asset out in Sect. 2.2 and in Regulatory Guide 7.11, the NRC has adopted the philosophy of
applying stricter requirements and higher margins of safety to Type B packages with higher levels of
radioactivity.” Category | containers are used with contents of the highest level of radioactivity,
Category |l containers ship contents with moderate levels of radioactivity, and Category 111 containers
ship contentswith till lower radioactivity. The three categories and the associated radiation levels are

showninFig. 2.2.
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Section 2.3 contains an explanation of Structural Design Criteriafor containers. These criteria

should be used for the design of all safety related structures in the package internals.

Regulatory Guide 7.6 describes the design criteriafor the structural analysis of shipping cask
containment vessels and explains the use of the design-by-analysis approach for Class | components
from Section 111 of the ASME Code'® as design criteria for the containment vessels. Regulatory Guide
7.8 elaborates on the normal and accident tests conditions specified in 10 CFR 71 and recommendsthe

loading combinations for the structural analysis of shipping casks.”

The design of the closure system for a containment boundary is of utmost importance. Most
containment systemsfor DOE containers have bolted lidswith elastomer O-rings. The design of thelid,
in addition to satisfying the structural code used in the design, should consider the load paths of external
loads, particularly in accident conditions. To minimize shear loading on bolts, designs that include a
protected closure are encouraged. Protected meansthat no transverseforce componentsfrom theimpact
limiter can be delivered to the closure lid during any hypothetical accident. The lid isrecessed into a
counterbore that protects the edges of thelid. Thisisnot aregulatory requirement, but isagood design
practice and is encouraged. In the past, many containers have been certified that do not use thisfeature;
if a protected closure is not used on a design, the bolting system and seals must be designed to

accommodate the large transverse |oads.

Some containment systems actually use adouble lid arrangement. This system is not normally
used on drum-type containers, but it does offer some advantages when the closure is not adequately
protected from either impact loads or thermal loads. By using two lids, the inner lid has additional

protection. Thisdesign may also provide an additional facility for |eak testing. Although not widely used
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in DOE containers at this time, this system may be used effectively when the additional expense and

complication are justified.

Aspreviously mentioned, the seal design of containment systemsfor DOE containers normally
consists of elastomer O-rings or gaskets. These are usually installed in aface seal arrangement. In this
design the integrity of the seal depends on the maintenance of preload on the closure bolts to energize
the seals. This means that the bolting systems must be strong enough to withstand all of the externally
appliedloadswithout loss of preload. The ASME code definesthe all owabl e stressesfor boltsand should
be applied as advised in Regulatory Guide 7.6"°, Regulatory Guide7.8" and Regulatory Guide 7.1 114
depending on the radioactive content of the package. The design of the bolting should account for all

pressure loads, external forces and vibration loads, and thermal expansion and contraction.

The bolting system must perform at normal transport temperatures from -40°C (-40°F) to
Hypothetical Accident Conditiontemperaturesof upto several hundred degrees. Because of hypothetical
accident impact loads which can occur at very low temperatures, brittle fracture of the boltsis amajor
concern. Bolting materialsshould be selected with thisin mind. Another bolt material selectioncriterion
isthe possibility of galling the bolt threads. This can be areal concern if the bolts are used in threaded
holesin astainless steel containment vessel, instead of with nuts. The galling problem may be avoided

by proper selection of materials for the bolts and vessel or by using thread inserts.

Seal design hasbeen mentioned previously, but additional attentioniswarranted. Theelastomer
O-rings or gaskets on DOE containers are usually installed in aface seal arrangement. Other materials
and arrangements are used. In particular, metal seals may be used where high temperatures cannot be
avoided or where seal reuse is not required. Some containment boundaries are actually welded closed.

These “metal only” seal solutions offer additional security in some situations, particularly when the
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container may be used for long-term storage. Face seal s have been widely used, but radial and other self
energizing arrangements which might be considered have the advantage of not relying on bolt prel oads

to maintain the seal.

Normally, two seals are used. There is often a penetration into the annulus between the two
seals. In this arrangement, the outer seal is normally used only as ameansto leak-check the inner seal.
Theinner seal isasingle seal, sinceif it leaks the content may be released into the annulus, which has
a penetration into it. This annulus is normally plugged, but the plug is not normally leak-checked. If
the plug is leak-checked after installation, a double seal may be claimed. Note that thisis not the same

as double containment, since the vessel may leak in places other than the seals.

2.4.4.2 Impact limiter s'thermal insulation

The type of impact limiter chosen dictates the range of possible analysis methods and the
complexity of analysis. When the shipping package can be separated into a containment part and an
impact limiter part and the two partsare structurally dissimilar; for example, theimpact material isless
stiff and less dense than the containment, many analytical techniques are valid, and this variety can be
exploited to control the cost of analysis. Inthe case of animpact limiter that isstructurally similar to the
containment, a designer may be limited to modeling the combined structure or experimentally

determining response.

Complexity of analysisalso varieswith the spacial dimensionsnecessary to describethe geometry
of the impact limiter as it undergoes deformation. The simplest deformation state is uniform crush over
avolume, which corresponds to a zero-dimension state. A one-dimensional solution occurs when the

cross-sectional area of the impact limiter variesin a predictable way as it crushes. Two-dimensional
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solutions are necessary for casesin which atwo-dimensional stress state isimportant, such aswhen a
shear stress limits the impact limiter material involved in crushing. A material with anontrivial shear

strength, such as steel, impacting in a skew orientation requires afull three-dimensional analysis.

A drum-type container has impact limiter/cushioning material inside the drum and inside the
inner containment and thus, the material is confined or restrained by the containment or outer shell.
Therefore, one-dimensional analysis of the limiter material may not be accurate, but may be used for

initial or preliminary designs.

Uniform crush analysis

Some impact limiter materials can be accurately analyzed by assuming uniform crush of the
material. Inthisanalysis, theimpact limiter materialsare assumed to beideally masslessand insensitive
to strain rate. Materials such as honeycomb, balsa, Celotex™, and woods exhibit these characteristics.
In these materials, an adjustment for inertial forces and dynamic behavior can be incorporated and a
nominally static analysis can be performed. For this type of analysis, the stress in the limiter material
must be uniform or representable as uniform at every instant of time. This may hold for a drum-type
container impactingflat onitsend or side. Materialswith very low shear strength rel ativeto compressive
strength, such asbal saand somerigid foams, crush asthough only the volume of material under thearea
of contact is effective. The impact limiter should be designed to ensure that the deformation of the
material isnot large enough to cause the material to "lock up" before sufficient kinetic energy has been
absorbed. See Subsect. 2.4.3.2 for more information on "lock up" of foam and wood impact limiter

materials.
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A typical analysisfor the case of uniform crushispresented below for animpact limiter material

with the strictly increasing stress/strain curve shownin Fig. 2.6. Thisshape curveistypical for limiters

and cushioning material used in drum-type containers (e.g., wood, Celotex™, foam).

At the beginning of a drop the kinetic energy (KE) of the container is

KE=1/2 W/gV?,

where: W = container weight, b,

g = acceleration of gravity, 980.6 cm/s* (386.4 in./s?),

V = container velocity, in./s.

Thecenter of massof the container movesdownward by adistanceh (ininches). Thework done

by gravity is,

Wg=Wh.

With a constant area, A (in square inches), the force developed in the impact limiter retarding

the container is

F= o(e)A, Ib,

with stress o, expressed as afunction of strain €, assuming that strain rate is not important. The strain

can also be written,
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Figure 2.6. Uniform crush stress/strain curve.
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e=h/L,

where L isthe original length of the impact limiter.

During this time the work done is crushing the impact limiter is,

W, =- [ F(h)dh,

which can be written as

W, =- AL [o(€)de.

The kinetic energy then iswritten,

1/2WIgV2=1/2 WigV2+Wh-AL [o(€)de.

If o(€) is analytically integrable, the equation can be solved for the crush hour to stop the

container with V, = 0. Some readily integrable stress/strain functions to deal with are straight line

segments, polynomials, or combinations of the two.

Linear deformation analysis

A variation in cross-sectional area of the impact limiter aong the direction of crush produces a

condition of non-uniform stressaswell as non-uniform strain that can be analyzed by breaking the limiter

into elements of constant area. The number of elements used depends on the rate of change of area.
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Many divisions are needed where area changes rapidly, but only one element is needed for alength of

constant area.

For thistype analysisthe axial forceisconstant through theimpact limiter, but the stressvaries.
Working with a strain-rate-independent material, the strain can be read from the stress/strain curve for
each element of material. Manual cal culation of total crush of the limiter and internal energy dissipated
becomes difficult because of the large number of elements and internals to be evaluated. However,

computer programs can be developed to carry out all the needed calculations.

This calculation method is valid for the analysis of corner impacts of a container provided that the
material is essentially isotropic and has a low shear strength relative to compressive strength. A
discussion of modeling acylindrical impact limiter duringasideand corner dropispresented in Hill and

Joseph.!*

Two-dimensional analysis

Complicationsinthedesign caninvalidate one-dimensional solutions; however, two-dimensional,
dynamic, structural analysis codes are available to provide solutions. Typical computer codes suitable
for dynamic analysis of anonlinear material with athinner cladding (like athin walled outer container)
over foams, woods, or honeycombimpact limitersare ABAQUS/EXPLICIT,* LSDYNA @ ANSY S/#
HONDO,"** and PRONTO.* Some of these codes contain a material subroutine to model crushable
foam behavior as well as elastic-plastic behavior. These codes are representative of codes that are

capable of analyzing ductile material behavior.
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Two-dimensional treatment of shipping container impact is appropriate for the end drop, which

is axisymmetric. However, side drops and corner drops require three-dimensional analysis.

Thematerial propertiesrequired for each code or material subroutine differ, but in general they
require an elastic modulus, ayield stress, aplastic modul us, Poisson’sratio, a hardening parameter, and
density. The special foam model uses bulk pressure versus dilatation, bulk unloading modulus, three
yield function constants, el astic shear modul us, and the pressure cutoff for tensilefracture. Although the

bulk data are rare in the literature, bulk properties can be derived from uniaxial test results.

Three-dimensional analysis

M ost of the computer codeslisted inthe previous section ontwo-dimensional analysiscan model

three-dimensional behavior is stress and strain. The elastic-plastic material subroutinesin these codes

are identical for three- or two-dimensional analysis and the same material properties are required. A

corner drop is one condition that requires a three-dimensional analysis code for solution.

2.4.4.3 Shielding

This section discusses structural design of the shielding. Chapter 5, Radiation Shielding, isthe

major source of information on shielding performance issues for DOE containers.

Asset outin Sect. 2.2 andin Regulatory Guide 7.11, NRC hasrecommended that the structural

design of al shielding structures be in accordance with criteria contained in the ASME Boiler and

Pressure Vessel Code, Section VIII Division | or in Section 11, Subsection NF.

Safety Design Guides.ch2/gs/11-7-94 267



Section 2.3 contains a detailed explanation of Structural Design Criteriafor containers. These

criteria should be used for the design of all safety related structures in the package.

Regulatory Guide 7.6 describes the design criteriafor the structural analysis of shipping cask
containment vessels and explains use of the design-by-analysis approach for Class| components from
Section |11 of the ASME Code™® asadesign criteriafor the containment vessels. Regul atory Guide 7.8
elaborates on the normal and accident tests conditions specified in 10 CFR 71 and recommends the
loading combinations for the structural analysis of shipping casks. Both guides may be applied to the

structural design of package shielding.

Very careful analysis using the previously discussed guidelines is required to assure that
geometry is maintained under all loading conditions. These shielding structural components should be
designed according to awell-established design standard such asthe ASME Code previously described.
Other codes and standards can be used as design criteria provided that they are as conservative as the

ASME Code.

Plastic-based shielding material sare often used in containers. Unfortunately, these materialsdo
not lend themselves very well to analysis using the ASME code or other design codes based on linear
elastic behavior. In that case, other analytical methods must be used, and/or thorough testing must be

done.

All of shielding material s should be examined for compatibility and stability at temperature and

in radiation fields.
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2.4.4.4 Package internals

Asset out in Sect. 2.2 and in Regulatory Guide 7.11 ¥ the NRC has adopted the philosophy of
applying stricter requirements and higher margins of safety to Type B packages with higher levels of
radioactivity. Category | containersare used with contentsof the highest level of radioactivity, Category
Il containers are used with contents of moderate levels of radioactivity, and Category |11 containersare
used with contents of still lower radioactivity. The three categories and the associated radiation levels

are shown on Fig. 2.2.

The same basic philosophy applies to the design of package internal structures. The three
component safety groups and the associated design criteria defined in Regulatory Guide 7.11 can also
be used for package internal structures. Table 2.3 contains asummary of these design criteria. Package
internal s structuresthat perform functionsimportant to maintaining criticality safety, contamment, and
shielding are designed with stricter requirements and higher margins of safety. Section 2.3 contains a
detailed explanation of Structural Design Criteriafor containers. These criteria should be used for the

design of all safety-related structuresin the package internals.

Regulatory Guide 7.6 describes the design criteriafor the structural analysis of shipping cask
containment vessels and explains use of the design-by-analysis approach for Class | components from
Section |11 of the ASME Code!® asadesign criterion for the containment vessels. Regul atory Guide 7.8
elaborates on the normal and accident test conditions specified in 10 CFR 71 and recommends the
loading combinationsfor the structural analysis of shipping casks. Both of these guides may be applied

to the design of package internals.
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In most DOE containers, the main package internals design concern is protection of the
containment boundary from theimpact of the package internalsand contentsin ahypothetical accident.
However, package internal design critically safe geometry is of major importance in many containers,

and shielding integrity may also be vital.

In summary, very careful analysis using the guidelines described is required to assure that
geometry is maintained under al loading conditions. These package internal structural components
should be designed according to awell-established design standard, such asthe ASME Code described
previously. Other codes and standards can be used as design criteria provided that they are as

conservative as the ASME Code.

Support of the contents and maintenance of the package geometry can be accomplished in many
ways. Often the support is as simple asa conformal resilient elastomer foam insert for the containment
boundary. This support insert can also be made of a solid elastomer, if needed for strength or cut
resistance. Often polyurethane is used for this application because of its high abrasion resistance and
good properties at low and high temperature, but other elastomer materials, such as silicone, are used
where temperature extremes are expected. Elastomers insulate the content from the containment
boundary, so if the content contains heat-generating material s that require good heat-transfer outward,
metal honeycomb materia is often used. Unfortunately, these support mechanisms do not lend
themselves very well to analysis using the ASME Code or other design codes based on linear elastic

behavior. In that case, another analytical methods must be used and/or thorough testing must be done.

Other materials are used to support the contents and perform other functions within the package

internals. Metal cans, covers, and spacersare frequently used. In addition, the contents are often bagged
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in plastic for contamination control, and desiccants are often included with the content. All of the

materials should be examined for compatibility and stability at temperature and in radiation fields.

2.4.4.5 Tie-down and lifting devices

Thedesigner should beawarethat theforcesapplied to individual tie-down devicesdepend very
much on the overall tie-down system and its design philosophy. The analysis of the overall tie-down
system can be quite complex when the elastic/plastic deformations of cables and straps of a flexible
system are considered and the dynamic loadings are included. Depending on the design philosophy, the
tie-down system may be designed to fail at certain load levels, thus altering the applied loadsto the tie-

down devices. A tie-down manual for DOE type B containers has been developed by Smallwood.™®

Lifting attachments must have a safety factor of three over the yield strength when used to lift
the packagein the normal configuration. (Theyield value used should be the worse case for the material
in the Normal Conditions of Transport temperature range. This range should include that temperature
increase caused by any internal heat generation from the contents and also the increase from solar

insolation if the package is not limited to covered shipment.)

If the lifting attachment fails, it must not impair the ability of the package to meet the other

requirements of 10 CFR 71.

Any other structural part of the package which could be used to lift the package must berendered

inoperable during shipment, or meet the requirements described previougdly.
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Tie-down devices which are a structural part of the package must not yield when the package
is subjected to a static force with a vertical component of twice the package weight, a horizontal
component inthedirection of travel of ten timesthe package weight, and ahorizontal component in the
transverse direction of five times the package weight. (The yield value used should be the worse case
for thematerial intheNormal Conditionsof Transport temperaturerange. Thisrange shouldincludethat
temperatureincrease caused by any internal heat generation from the contentsand al so theincreasefrom

solar insolation if the package is not limited to covered shipment.)

If the tie-down device fails, it must not impair the ability of the package to meet the other

requirements of 10 CFR 71.

Any other structural part of the package which could be used to tie down the package must be

rendered inoperable during shipment or meet the requirements described previously.

There are many tie-down and lifting device designs, but the most common aretheflat steel lugs
welded onto the package with a hole for the tie-down hardware attachment. Also common is a

commercial hoisting ring or eye bolt inserted into a threaded hole in the package.

Typicaly, thelifting lug should be at |east asthick asthe outer shell of the package to which it
iswelded. The edge distance above the hole should be at |east one diameter of the hole. Similarly, the
diameter of the hole should not be greater than half of the width of the plate, and thelength of the welds
should be at least equal to the portion on the lug that is not welded to the outer shell. The bearing stress
around the hole should be evaluated. If the lifting lug is stiff, the effects on any external closure bolts

resulting from impact loading from free drop conditions should be evaluated. Considerations of afree-
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drop condition that impact the lifting lug should be given as well as those for the free drop onto the

puncture bar.

After the applied forces are determined, the stress analysis methods can be used to evaluate the
adequacy of the lifting or tie-down devices. If the lifting or tie-down system is simple, analytical
technigues are usually adequate. Critical areas of each design must be recognized and evaluated for the
worse possible loads. For example, if the tie-down device is a plate with a hole, the critical areas that
should be analyzed are shear stresses on the cross section from the hole to the edge of the plate, bearing
stresses on the hole, and bending stresses on the plate due to the tie-down forces. Weldments or bolts
should be eval uated according to appropriate welding criteriaand bolt pre-load requirements. If thetie-
down system uses complex strapsor isdesigned tofail at aparticular load, amore detailed analysis, such

as finite-element analysis, is warranted.

Thedesign of thelifting or tie-down devicesis usually straight-forward. Approximate methods
using principles of strength of materials and simple beam theory can be used for stress analyses. Given
the approximate nature of the analyses and serious consequences that may occur from the failure of a
lifting device, a conservative design approach is necessary. For good engineering practice, adual load

path or a higher safety factor for heavy packages is recommended.

A tie-down or alifting devicethat would functionin either role, must be analyzed for both cases.
The procedure for lifting devicesisto perform stress analyses to a factor of safety of three and then to
do an actual proof test on each lifting deviceto 1.5 of therated load before that deviceisused for lifting.

The actual proof test, while not required by 10 CFR 71, is good practice.
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Thedrum-type containers(Fig. 2.7), called DT containers, contain no lifting device or tie-down
attachments and no features making them usable as lifting devices or tie-downs. Lifting is done by
normal drum handling methods with fork-truck drum devices or placement of the packages on a pallet,
andtie-down isaccomplished using aseparatetie-down system. Asnoted earlier, Smallwood™*” provides

some guidance for the design of tie-down and lifting devicesfor DT containers.

2.4.5 Testing and Validation Methods

Section 2.5, which addresses structural validation methods, contains detailed information.

2.4.5.1 Containment system

The primary mechanical |oadson the containment boundary are accel eration and vibration loads
that are not attenuated by theimpact limitersand other package components. Mechanical loadsfromthe
package internals and contents are important and should be carefully evaluated. Thermal loads
encountered in all phases of transport and from heat generation of the content constitute a second set
ofloads. The first step in the analysis of the effect of these loads is to characterize the loading paths,
magnitudes, directions, and durations. Thus, to analytically determine the response of the containment

boundary, amodel of the entire package must be considered.

Regulatory Guide 7.6 describes the design criteria for the structural analysis of shipping cask
containment vessels. Regulatory Guide7.8!"! recommends the loading combinations to be used in the
structural analysis of shipping casks. Regulatory Guide 7.11, explains the application of stricter
requirements and higher margins of safety to Type B packages with higher levels of radioactivity. The

ASME codedefinesthe allowabl e stressesfor the containment boundary and should be applied as advised

Safety Design Guides.ch2/gs/11-7-94 2-74



Torqué to
@k @

0
e @ | feea s
Typical
1.
B AN O NN
e = VAVl <////////////////// AT ®
Y A IO UAUUURNNY ANW
A ,/VW///////////////// A
NN NN ANV ANNAN NNV AN N e O
//{{« g — ’\_\‘;\< OTor ue tlgs
N 77N
G727 : A
KL SN
AHA//9999, )| 7777 O]
EONNNINNNNNY AN RO
D) 2|77 e
RSN @ TR
IS A/
NUSUSSUSSSN NSRS
LI N
ANNNNNNNNNNY NSNS INNNNNY For Ret.only.
s AR A
4 NN DN
W/Z/ - W/ 7//// LEGEND
A \ N \\\\ k\\ \; (1)Fiberboard Insulation Cover
Y VA //) (2)Fiberboard insulation
AN NN ,\\\\\\ (3)Stainless Steel Drum
/A /SAISY, AV /77 (&)Containment Vessel, Body
AR NN RNNNY]  (B) Containment Vessel, Lid
A, Q] (8)Leak Test Part Plug
ANNNNNNNNNNY B NN INNNNNY - (7) Gland Nut
A/ vz (ot
ARSI ANRNY] - (9)0-ing
i re Az 490-ing
HH;;H;H;H;H I IIMIARRRY - @eet
A ke )

FA 942010

Fig. 2.7. Typical drum-type container.
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in Regulatory Guide 7.6, Regulatory Guide 7.8, and Regulatory Guide 7.11 depending on the
radioactive content of the package. M ore advanced finite-element or finite-difference methods may be
used effectively for both structural and thermal analysis. Any stress analysis should include thermal

stresses. Validation methods are discussed in detail in Sect. 2.5.

Testing of prototypesis also used to evaluate the containment design. The testing must be be
carefully performed and planned to assure that worst-case loadings as defined in 10 CFR 71, are
achieved for both mechanical and thermal loads. Again, the validation methods discussed in Sect. 2.5

can be used to evaluate containment design.

2.4.5.2 Impact limiter gthermal insulation

Theprimary mechanical loadsontheimpact limiters/thermal insulation areimpact and vibration
loads due to normal transport and Hypothetical Accident Conditions. Thermal loads encountered in
Hypothetical Accident Conditions and from heat generation of the content constitute a second set of
loads. The first step in the analysis of the effect of these loads is to characterize the loading paths,
magnitudes, directions, and durations. Thus, to analytically determine the response of the impact

limiters/thermal insulation, amodel of the entire package must be considered.

Themethod of analysis used for theimpact limiters/thermal insulation depends on their structural
configurations. Most of the materials commonly used are not amenable to the linear elastic analysis
methods. More advanced finite-element or finite-difference methods may be used effectively for both
structural and thermal analysis. Any analysis must include thermal effects of both normal transport and
hypothetical accident. Thisrequiresthat the structural analyst work very closely with the thermal analyst.

The thermal behavior of materials normally used in impact limiters/thermal insulation in hypothetical
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accidents is usually not well characterized. If the materials in the impact limiter/thermal insulation are
required for shielding or subcriticality, extraprecaution isobviously warranted in the validation. All the

validation methods discussed in Sect. 2.5 of this guide can be used for the package internals.

Testing of prototypesisused extensively to evaluatetheimpact limiter/thermal insulation design.
The testing must be carefully performed and planned to assure that worst-case loadings, as defined in
10 CFR 71, are achieved for both mechanical and thermal loads. The validation methods discussed in

Sect. 2.5 can be used to evaluate containment design.

2.4.5.3 Shielding

Since the containment shielding is usually not designed for structural considerations alone, an
examination is needed of how the structural response of the containment vessel and closures affect the
shielding components. This examination is normally conducted during the analysis of the containment

and package internals.

Additional detailed information ontheanalysisof shielding performanceisin Chap. 5, Radiation

Shielding. Theresultsof any analysisor testing showing apotential degradationinthe performance must

be factored in to all shielding calculations.

2.4.5.4 Packageinternals

The primary mechanical loads on package internal components are accel eration and vibration

loads that are not attenuated by the impact limiters and other package components. Thermal loads

encountered in all phases of transport and from heat generation of the content constitute a second set of
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loads. The first step in the analysis of the effect of these loads is to characterize their magnitudes,
directions, and durations. Thus, to analytically determinethe response of the packageinternals, amodel

of the entire package must be considered.

The method of analysis used for the packaging internals depends on their structural
configurations. For example, many materials commonly used are not amenable to the linear elastic
analysis methods of the ASME Code. More advanced finite-element or finite-difference methods may
be used effectively for both structural and thermal analysis. Any stress analysis should include thermal

stresses. All the validation methods discussed in Sect. 2.5 can be used for the package internals.

Testing of prototypes can be also be used to evaluate the package internal design. The testing
must be carefully performed and planned to assure that worst-case loadings, as defined in 10 CFR 71,
are achieved for both mechanical and thermal loads. Again the validation methods discussed in Sect.

2.5 can be used for the package internals.

Regulatory Guide 7.8 elaborates on the normal and accident tests conditions specified in 10

CFR 71 and recommends the loading combinations for the structural analysis of shipping casks.

2.4.5.5 Tie-down and lifting devices

The primary mechanical loads on lifting and tie-down devices which are astructural part of the
package are defined by the dynamic loading requirementsof 10 CFR 71.45. Thefirst stepintheanaysis
of the effect of these loads is to characterize their magnitudes and directions. Thus, to analytically
determine the loads, a model of the entire package must be considered to determine the center gravity

and other mass properties of the loaded package.
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The method of analysis used for the lifting and tie-down devices depends on their structural
configurations. More advanced finite-element or finite-difference methods may be used effectively for
both structural and thermal analysis, however, the analysis of lifting and tie-down devices is usually
straightforward. Many validation and test methods discussed in Sect. 2.5 can be used for lifting and tie-

down devices.

Testing of prototypes can be also be used to eval uate thelifting and tie-down device design. The
testing must be carefully performed and planned to assurethat worst-caseloadings, asdefinedin 10 CFR

71, are achieved. Validation methods discussed in Sect. 2.5 can be used.

2.4.6 Quality Assurance

Quality assurance for all packaging activities must conform with the requirements of 10 CFR
71, Subpart H. Quality assuranceis applicableto all aspects of the structural design aswell asthe actual
container hardware. This chapter discusses quality assurance for the packaging structural design and

components. Chapter 9, Quality Assurance, isthe major source of information on quality assurance.

Quality assurance begins with the design. The design calculations should be verified
independently. If any computer analytical software is used, it should be baselined against known
problemssimilar to those being solved. Analytical techniques used should be eval uated against test data

on similar problems. Material properties should be verified.

During thetest phase of the design, records of the configuration, before and after testing, should

be maintained. All prototypes should be built using certified materials, dimensions, and fabrication

methods specified in the design documents and used in the calculations.
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All production containers should be fabricated and maintained using certified materials,
dimensions, and fabrication methods similar to those specified in the design documents and used in the

caculations.

A record-keeping system must be established and records of the design, the prototype container,

the certification effort, and the production containers must be maintained.

2.4.7 Structural Design Examples

Many unique drum-type containers have been designed and are in use. In this section, to show
the variety of existing materials, design concepts, and payloads, three different example designs are
reviewed. The structural designer is encouraged to draw from past experience and lessons learned, but
also to be innovative in selection of materials and design concepts for new applications. The three
examplesfeature atypical DT container primarily for shipments of uranium parts/products, acontainer

for shipment of tritium, and a container primarily for shipment of plutonium metals/powders.

2.4.7.1 DT container

A typical DT container is shown in Fig. 2.7. Features of this design are as follows:

° Austenitic stainless steel inner containment boundary

° Bolted cover, two O-rings (EPDM)

° Top-flange container
° Celotex™ for impact limiter and thermal insulation
° Stainless steel outer drum with vent holes covered by plastic tape (inside of drum)
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° Standard locking ring lid design

A lesson learned inthe DT program is that when using large, heavy (> 500 Ib) drumsit is best

to use a bolted lid design.

2.4.7.2 H1616-1 container

The H1616-1 container is shown in Fig. 2.8. This container is used primarily for shipment of

tritium products and has several unique materials and design features.

° Double containment with the HTV a welded containment
° Type 304 stainless steel secondary containment vessel

° Aluminum tubing pellets for packing (cushioning) material around the HTV

° Foam pads top and bottom of containment vessel

° Fire-retardant polyurethane foam for cushioning material in the 16-gal stainless steel drum
o Ceramic fiber material for the thermal barrier

° Locking ring for drum lid

2.4.7.3 SAFEKEG 2863B container

A section of the SAFEKEG 2863B container is shown in Fig. 2.9. This container was designed

tofully meet all current and proposed U.S. and IAEA regulations. Another objectivewasto havealarge

margin of safety to withstand the Hypothetical Accident Conditions.
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Fig. 2.8. H1626-1 shipping container.
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Furure 2.9. SAFKEG 2863B shipping container.
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The packaging consists of an outer double skin insulated keg, an insulating cork liner, an outer
containment vessel, and an inner containment vessel. The keg isadouble-skinned, stainless steel body
with the cavity filled with an insulating phenolic resin foam. A flat stainless steel lid bolts to the keg
body. The cork liner is made from areconstituted cork material, and its surface is sealed to enhance its
appearanceand to resist wear and tear. The outer containment isfabricated from stainlesssteel. The seal
between the body and thelid is effected by two O-ring face seals. The O-ring material isafluorocarbon
elastomer. Thelidisheld in position by athreaded retaining ring. Both the retaining ring and thelid are
set into the body of the container, thus reducin